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Abstract
Background: In relation to substance use, Spanish adolescents aged 12 to 14 can be largely classified in four
groups, from highest to lowest prevalence: a) No substance use, b) Only alcohol use, c) Alcohol and tobacco use,
and d) Alcohol, tobacco and cannabis use. The aim of the present study is to analyze the possible relationship
between impulsivity and the substance-use group to which the young person belongs
Methods: One thousand three hundred and forty-eight adolescents aged 12 to 14 in northern and eastern Spain
reported their drug use, completed impulsivity self-reports (BIS-11-A and ImpSS) and performed behavioral tasks
(Stroop Test and Delay Discounting).
Results: Results from both measurement approaches were related to early drug use. An increasing impulsivity
trend is found across groups from less to more substance involvement, except in the case of Delay Discounting,
which is sensitive only for those with more substance-involved.
Conclusions: Impulsivity is a key factor for early drug use, especially as regards more substance-involved. This
should be taken into account in designing prevention programs or as a key variable for interventions aimed at
delaying the onset of substance use.
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Background
Age of onset of drug use in Spain, especially alcohol and
tobacco, is around 13 years [1]. Among adolescents, the
annual substance-use involvement falls within one of
four main groups, from less to more involvement: 1) no
substance use (NSG), 2) only alcohol use (AG), 3) alco-
hol and tobacco use (ATG), and 4) alcohol, tobacco and
cannabis use (ATCG) [2]. Early substance use is a risk
for the health and well-being of adolescents, especially
when different substances are mixed [3]. One important
research goal is to identify the factors mediating early
substance use and, even more, use in high-risk patterns
such as the mixed use of different substances. Identifying
these factors could improve the effectiveness and effi-
ciency of selective and indicated prevention strategies.
Impulsivity is an important factor related to the onset
of drug use [4] and for predicting the escalation of alco-
hol, tobacco and marijuana use in adolescents [5]. Al-
though there is no agreed definition of impulsivity [6–8],
most definitions include features such as lack of plan-
ning, inattention, preference for sooner outcomes or lack
of capacity to be focus on a task [9, 10]. For its measure-
ment, both psychometric instruments and behavioral
tasks can be used [11].
Despite this, most studies have focused on a single
substance [12] and a single method for assessing impul-
sivity [4], and used samples with young adult partici-
pants aged 15 upwards [13, 14]. This last point is
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relevant because at such ages the substance use has
already had time to become established, so that the re-
sults can be influenced by the bidirectional effect of im-
pulsivity and drugs [15, 16].
To our knowledge, there are only two studies that
analyze the relationship between impulsivity and early
drug involvement using a non-clinical sample aged
around 12. The authors of one of these studies found
that behavioral impulsivity, assessed with the Delay Dis-
counting Task, Stop-signal Task and Balloon Analogue
Risk Task (BART), significantly predicted alcohol use
6 months later [17]. However, this research was focused
on alcohol use. Another study examined only the role of
behavioral disinhibition in predicting substance use dis-
order, pointing out that this construct is a better pre-
dictor of substance use disorders than frequency of use
[18]. The present study assesses precisely this facet of
impulsivity, in addition to others.
The goal of this paper is to study the level of impulsivity,
measured by both self-reports and behavioral tasks, and
its association with early substance use (alcohol, tobacco
and cannabis) in a non-clinical sample of early adoles-
cents. Our hypothesis is that impulsivity will be greater in
the more substance-involved group.
Methods
This is a cross-sectional study carried out in different
Spanish secondary schools. Sampling was performed
following a random stratified and incidental procedure,
taking into account the city or town sizes.
Participants
Participants were 1730 adolescents (54.2 % males) aged
12 to 14 (M = 13.04; S.D = 0.510). They were recruited
from a total of 22 secondary schools in two different
Spanish regions.
In the sample used for the analysis, having fulfilled all
the inclusion criteria, there were 1348 participants
(77.92 % of the total). The data reduction procedure is
explained in a later section. This study was approved by
the Ethics Committee of the Spanish Education Ministry,
and no participants refused to be assessed.
Measures
Socio-demographic measures
In the first part of the survey participants were asked to
indicate their age and gender.
Drug use measures
Alcohol, tobacco and cannabis use over the past year
was assessed using items from the European School
Survey Project on Alcohol and Other Drugs (ESPAD)
[19] for assessing annual prevalence of substance use.
The Survey assesses the use of tobacco, alcohol and illegal
drugs in the school-going population of 15–16 year-olds
across 36 European countries. Participants were also asked
to indicate age of onset of alcohol use.
Impulsivity measurement
Self-reports The adolescent version of the Barratt Im-
pulsiveness Scale [20] was used. It is composed of 30
items with Likert-type questions in which participants
must state how often they perform different behaviors
(from rarely/never to almost always/always). The scale
has a total score and three sub-scores. As there is no
consensus about how many subscales are adequate for
adolescents [21, 22], the only score used was the total
score proposed by the authors of the questionnaire, which
refers to a general trait of personality. The Spanish adapta-
tion [23] showed good reliability and consistency (α = .82).
The Impulsive Sensation-Seeking (ImpSS) Scale, part of
the Zuckerman-Kuhlman Personality Questionnaire
(ZKPQ) [24]. This subscale has 19 true/false (false 0,
true 1) items which provide a general score and two
sub-scores: impulsivity (Imp) and impulsive sensation-
seeking (SS). The scale assesses preference for change
and uncertainty, as well as the tendency to act without
thinking or planning. A Spanish adaptation [25] was
employed, showing good consistency (α = .81).
Behavioral tasks Two of the behavioral tasks most
widely used for assessing impulsivity (Stroop Test and
Delay Discounting) were employed. These tasks assess
specific behavioral processes based on normative situa-
tions in which participants have to behave without any
introspection. They are supposed to measure more
state-dependent impulsivity than self-reports, which as-
sess impulsivity traits.
A computerized version of the original Stroop task
[26] was designed. Three blocks with 30 stimuli dis-
played in four colors (blue, green, red and yellow) were
included in the task: a first block of neutral stimuli
(XXXX) appearing randomly; a second block of congru-
ent stimuli (name and ink color matched); and a third
block of incongruent stimuli (name and ink color un-
matched). Number of errors was recorded. This instru-
ment conceived impulsivity as difficulties in suppressing
competing information in order to maintain response
performance.
A Delay Discounting (DD) task was also used [27].
The students made choices between a small sum of
hypothetical money available immediately and 1000
euros available after seven different periods of time
(1 day, 1 week, 1 month, 6 months, 1 year, 5 years and
25 years). Delay discounting was calculated using Logk
and the area under the curve (AUC). The AUC measure
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makes no assumptions about the data, is not linked to
any theoretical framework, and ranges between 0 and 1
[28]. Impulsivity is defined by DD as the tendency to
choose smaller, relatively immediate rewards over larger
but more delayed rewards.
Control variables
With the aim of detecting random answers, an infrequency
scale was used (Oviedo Infrequency Scale, INF-OV) [29].
This instrument is composed of 12 items mixed throughout
the assessment. Participants are required to respond to
Likert-type items (from totally disagree to totally agree)
about obvious facts such as ‘I know people who wear
glasses’ or ‘I have sometimes watched films on TV’. Partici-
pants with more than three points on the scales were
removed.
Procedure
All the questionnaires and behavioral tasks used were
computerized versions of traditional paper-and-pencil
surveys, adapted to an electronic tablet framework
(Samsung Galaxy Tab2 10.1). This method was used
with the aim of reducing inconsistent answers. The
software did not allow participants to skip any questions
and was designed to avoid asking inappropriate ques-
tions in accordance with previous answers.
Data reduction and analysis
To clean up the sample and remove respondents with
invalid answers we followed the steps set out in Fig. 1.
In this study, a case is considered valid only when valid
answers are obtained in all the questionnaires and tasks,
following the rules established for each instrument.
Fig. 1 Flowchart of sample progression. Legend: number and percentage of participants removed for each criterion is shown. Final groups are
described by number and percentage of participants as well as percentage of males and females in each group
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Eighty-six cases had three or more infrequent answers
in INF-OV, and were removed following the rule estab-
lished by the authors.
In the Stroop test, participants with outlier reaction
times (defined as faster than 200 ms or slower than
2000 ms, and then if they were more than 3 SD above the
participant’s mean RT) were removed, following Fernie
et al. [17].
For the DD tasks, respondents who answered irration-
ally were also removed. For this purpose we used an al-
gorithm based on that of a previous study [30], but with
some modifications: 1) if there is more than one indiffer-
ence point greater than the preceding point by a magni-
tude greater than or equal to 20 % of the larger later
reward, or 2) if the last indifference point was not less
than the first indifference point by at least a magnitude
equal to 10 % of the larger later reward. Scores in AUC
were reversed in order to be interpreted in the same way
as the other measures.
Twenty-seven participants had a substance-use pattern
that precluded them from classification in any of the
established groups. They were therefore removed from
the analysis.
To test the hypotheses and due to the lack of normal-
ity of the distribution of some variables, a Kruskal-
Wallis test for k-independent samples was performed for
each test with a post-hoc test between groups, based on
the Bonferroni inequality [31]. Confidence level for mul-
tiple comparisons was established at 95 %. The effect
size was calculated with Grissom and Kim’s estimator
[32], interpreted with Cohen’s criteria. This effect size
measure yields the probability that a randomly chosen
participant in a group with more substance involvement
will have a higher score than a randomly chosen partici-
pant from another group with less substance involvement
[33]. A Jonckheere-Terpstra test was also performed to
test trends of increased impulsivity across the groups, in-
dependently of statistically median differences between
groups.
For variables with normal distribution, a one-way be-
tween-groups analysis of variance was conducted with a
Tukey HSD post-hoc test. Effect size was calculated
using Cohen’s d. Reliability of self-reports BIS-11-A and
ImpSS were α = .91 and α = .83, respectively.
Results
The Kolmogorov-Smirnov test was performed to assess
the normality of the distributions and sex differences in
Impulsivity scores were also assessed due to their pos-
sible influence. Results of both analyses are shown in
Table 1. Because of the statistical significance of sex dif-
ferences in BIS and Stroop errors separate tests were
performed for males and females in both measures.
The Kruskal-Wallis test showed statistically significant
differences in self-report scores between substance-
involvement groups for ImpSS (χ2 (3) = 171.921, p < .05)
and also for BIS-A in both sexes (χ2 (3) = 75.598, p < .00
for males; χ2 (3) = 85.140, p < .00 for females).
After the post-hoc comparison, all groups showed sig-
nificant differences in both self-reports, with the excep-
tion of ATG compared to ATCG on Zuckerman’s ImpSS
scale. In all cases, a higher score on the scale was related
to greater substance involvement (see Table 2). Effect
sizes were moderate, ranging between 0.19 and 0.39 for
BIS for both sexes and between 0.21 and 0.35 for ImpSS.
As regards the Stroop Test, the Kruskal-Wallis test
showed no significant differences in the number of
errors between groups in males (χ2 (3) = 6.041, p = .11)
or in females (χ2 (3) = 7.14, p = .068.
As far as Delay Discounting was concerned, the ana-
lysis showed statistically significant differences between
groups for the AUC (χ2 (3) = 11.461, p < .05).
Visual inspection of the AUC ranks indicated three
comparisons (NSG-ATCG, AG-ATCG and ATG-ATCG).
Significant differences were found for the three compari-
sons (see Table 1). The effect sizes were, respectively,
0.38, 0.37 and 0.36.
The results of the Jonckheere-Terpstra test were signifi-
cant for both the BIS in males (J-T = 7.63, p < .001, r = .29)
and females (J-T = 8.81, p < .001, r = .35) and the ImpSS
(J-T = 12.73, p < .001, r = .35). With respect to behavioral
tasks, the DD discounting did not yield significant results
(J-T = 2.28, p < .05), but it did do so for number of errors
on the Stroop in both males (J-T = 7.63, p < .001, r = .08)
Table 1 Distribution of variables of the overall sample and males and females scores comparison
Variable Total (n = 1348) Males (n = 716) Females (n = 632) p-value
BIS-11-A (median) 39** 37 40 .005†
ImpSS (median) 9** 9 9 .457†
Stroop (median) 1** 1 1 .001†
AUC (median) .1549** 0.1582 0.1504 .925†
Log K (mean ± SD) −2.19 ± 1.10 −2.22 ± 1.10 −2.15 ± 1.11 .281‡
** p ≤ .001 significant level in Kolmogorov-Smirnov normality test; p-value column corresponds to comparisons between males and females; † Mann–Whitney test;
‡ t-test; SD standard deviation; BIS: Barrat Impulsivity Scale; ImpSS: Impulsive Sensation Seeking; Stroop: number of errors in Stroop test; AUC: Area Under the
Curve in Delay Discounting
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and females (J-T = 2.57, p < .05, r = .10). As this test shows,
although differences between some groups were not sta-
tistically significant, an increasing trend of impulsivity was
present for the four groups in all the instruments, except
in the case of DD (see Fig. 2).
To explore the impact of Logk score on Delay Discount-
ing, a one-way between-groups analysis of variance
(ANOVA) was carried out. There was a statistically signifi-
cant difference (p < .05) between groups: F (3, 1344) =
3.392, p = .017. Post-hoc comparison using the Tukey
HSD test indicated that the mean scores for NSG (M =
−2.19, SD = 1.12) and AG (M = −2.24, SD = 1.08) were sig-
nificantly different from ATCG scores (M = −1.76, SD =
1.1). The effect sizes were 0.39 and 0.44, respectively, in
the same direction as the study’s hypothesis.
Mean age of onset of alcohol use was 11.53 years (S.D. =
1.55), and there were no statistically significant differ-
ences between groups AG, ATG and ATCG (χ2 (2) =
0.86, p = .651). Thus, the increased impulsivity across
the groups cannot depend on the difference in use on-
set, nor probably on the substances used, since they
have been used for only a short time.
Discussion
In this research the relationship between impulsivity and
early substance use was explored with a multimethod
perspective among adolescents aged 12 to 14. In our
data we found that there is a clear difference in impul-
sivity according to both self-reports and behavioral tasks
in adolescents with early onset of substance use. Fur-
thermore, groups of adolescents with more substance in-
volvement in the last year tend to show higher levels of
impulsivity than those with less substance involvement.
This finding is consistent with previous results [4, 14].
However, in comparison to these studies, which use
older samples, this research shows for the first time the
difference in impulsivity among very early adolescents in
relation with their substance involvement. Progression
from less to more substance involvement is statistically
significant in self-reports. In the literature, the associ-
ation between sensation-seeking assessed by the ImpSS
and the use of cannabis is not consistent. While some
studies, both cross-sectional and longitudinal, among ad-
olescents aged 15 found no association [34, 5], other
cross-sectional studies among adolescents aged 14–16
did find such an association [35, 36]. This may be
explained by the greater influence of other impulsivity
Table 2 Post-hoc comparisons of impulsivity measures in
Kruskal-Wallis test among annual prevalence of substance-
involvement groups
Self-reports Delay-Discounting
Group BIS-11-A ImpSS AUC
males females
NSG
Median 57 a 59a 8 a 154 a
AG
Median 61 b 64b 10 b 168 a
ATG
Median 70 c 73c 14 c 154 a
ATCG
Median 74 d 81 d 15 c .074 b
Note. Mann–Whitney post-hoc test was performed to assess the median differ-
ences between groups. Same letter means no difference between groups and
different letter means differences between groups. All comparisons in BIS,
ImpSS and comparisons in AUC between AG and ATCG were significant at
.001 level. Comparisons in AUC between NSG and ATCG, and ATG and ATCG
were significant at .05 level
Fig. 2 Impulsivity level trends among annual prevalence of substance-involvement groups. Legend: y-axis shows mean ranks in Kruskal-Wallis test
for all Jonckheere-Terpstra test significant measures. X-axis shows the different substance-use groups
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sub-traits, as in the case of young adults [37], but more
research is needed to clarify the relationship between
sensation-seeking and cannabis use among adolescents.
Stroop Test results did not differ between participants
who belonged to different groups, though an increasing
trend is present in the number of errors committed. Pre-
vious studies have shown inhibition problems in heavy-
drinking adolescents [12], but these results reflect that
inhibition problems can be detected even with low rates
of use but more substance-use involvement. This lack of
differences among groups despite the trend could have
several explanations. A first one might be that prepotent
response inhibition does not have very relevant predict-
ive power for early onset of substance use [18]. Another
possible explanation is that greater influence of sub-
stance involvement appears with more frequent use or is
related to the impairment produced by frequent use of
substances [38]. From a methodological point of view, it
may also be that the digital version of the Stroop Test
does not produce the interference phenomenon, making
it unsuitable for testing prepotent inhibition, as other
studies have shown [39]. However, this last rationale
would not explain the increasing trend found.
On the other hand, Delay Discounting AUC and Logk
were less sensitive to variation in young people’s sub-
stance use, but did detect cannabis use. This suggests
that adolescents who have more problems to delay grati-
fication are prone to be more substance-use involved,
already at these ages. This study, then, provides further
evidence of the relationship between DD and cannabis
use [40]. The increased level of impulsivity in DD found
among early users of cannabis goes in the same direction
as the relationship between discounting rates and age at
first use found by Heinz [41].
As previous studies show, there is no correlation (or it
is very low) between self-reports and behavioral tasks
[42, 7]. This lack of relationship, due to the trait/state
characteristic of both self-reports and behavioral tasks,
could partly explain the different results across the
groups. Nevertheless, the increasing trend was found in
both types of measure, which may mean that adolescents
who already use drugs see themselves as more impulsive
than their peers (self-reports), even though they do not
behave significantly differently when performing a stan-
dardized task (behavioral tasks).
Early onset of alcohol and other substance use in-
creases the risk of having high-risk patterns in adulthood
such as the mixed use of different substances. Identifying
risk factors associated with this early onset may serve to
improve the impact of prevention strategies and inter-
ventions aimed at delaying the beginning of substance
use [43]. This study provides more evidence about the
relevance of impulsivity among early adolescents and its
higher level depending on the substances used and the
instruments employed to detect it. As stated in previous
studies, not only could early identification of impulsive
subjects facilitate psychiatric diagnosis, but this informa-
tion could also be used to monitor those subjects with-
out psychiatric disorders for preventing the early use
and possible abuse of substances [14].
The relatively small size of the sample of tobacco and
cannabis users in comparison with the other groups is
one of the main limitations of this study, but this is an
aspect that is difficult to address even in future studies,
given the age of the target population: greater use of to-
bacco and cannabis among adolescents aged 12–14
would not be expected. The absence of measures with
regard to possible mediators that could provide more in-
formation is another limitation. Furthermore, our cross-
sectional design precludes the drawing of causal infer-
ences, so that future research might consider the use of
longitudinal assessment of the influence of impulsivity on
drug involvement and vice versa, in the style of Fernie
et al.’s [17] work.
Despite its limitations, this study analyzed a large sam-
ple, which was sufficient to cover different levels of
substance-use prevalence, with a multi-method assess-
ment of impulsivity, including self-reports and behav-
ioral tasks for two of the main components (prepotent
response inhibition and delay discounting - decision-
making) in a digital framework, which prevents errors of
transcription. The age group of our participants covered
the period when substance use begins, so that even using
a cross-sectional design the possible substance-use effect
could be attenuated. As Malmberg states, referring to a
similar topic [44], it seems plausible to assume that per-
sonality (e.g., impulsivity) precedes substance-use behav-
iors when one assesses a group of early adolescents in
the beginning phase of their substance use. In any case,
this assertion would have to be confirmed by a longitu-
dinal study. Finally, a strong point of this study is that it
assessed the use of not only alcohol but also tobacco
and cannabis.
Conclusions
In sum, the present study shows the presence of higher
impulsivity in adolescents with early onset of substance
use and its relationship with the level of substance-use
involvement. Also, it shows the difference in sensitivity
between the self-report tests and the behavioral tests for
measuring impulsivity, and how already at these young
ages, greater impulsivity is present in people with more
substance involvement. These findings have implications
for the design of selective and indicated prevention strat-
egies and interventions focused on delaying the onset of
substance use, showing the important role of impulsivity
in substance use and how different measures indicate
disparate sensitivity across different patterns of use.
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